Altered heparan sulfate structure in Glce(-/-) mice leads to increased Hedgehog signaling in endochondral bones.
One of the key regulators of endochondral ossification is Indian hedgehog (Ihh), which acts as a long-range morphogen in the developing skeletal elements. Previous studies have shown that the distribution and signaling activity of Ihh is regulated by the concentration of the extracellular glycosaminoglycan heparan sulfate (HS). An essential step during biosynthesis of HS is the epimerization of D-glucuronic to L-iduronic acid by the enzyme glucuronyl C5-epimerase (Hsepi or Glce). Here we have investigated chondrocyte differentiation in Glce deficient mice and found increased regions of proliferating chondrocytes accompanied by a delayed onset of hypertrophic differentiation. In addition, we observed increased expression levels of the Ihh target genes Patched1 (Ptch1) and Parathyroid hormone related peptide (Pthrp; Parathyroid hormone like hormone (Pthlh)) indicating elevated Ihh signaling. We further show that Ihh binds with reduced affinity to HS isolated from Glce(-/-) mice. Together our results strongly indicate that not only the level, but also the structure of HS is critical in regulating the distribution and signaling activity of Ihh in chondrocytes.